Abstract: Shear strength of clayey soils from the vicinity of Gorlice and Ciężkowice. The work presents results of maximum and residual strength tests of six clayey soils from the landslide areas near Gorlice and Ciężkowice. The tests were carried out in a direct shear apparatus on samples of dimensions 60 × 60 mm that were sheared at least three times. A shearing strain rate was equal 0.1 mm·min -1 , and the range of horizontal deformation of the samples was equal 20%. The results of the tests revealed that multiple shearing of the soil caused a signifi cant decrease of its shear strength, resulting in signifi cant changes in cohesion, and the smaller changes in the angle of internal friction. It was shown that the threetime shearing reduced the initial shear strength of about 50%, and further three series of shearing decreased it approximately 15% more. The study also showed that by using a Coulomb-Mohr shear strength linear equation, the analyzed soils had a little residual cohesion. Therefore, to describe the characteristics of the residual strength, there were used two non-linear equations proposed by Mesri and Shanien (2003) and Lade (2010) , which led to the same results. It was also shown that the use of non-linear characteristics of the residual strength at low values of the normal stresses gave more unfavourable results of stability calculations in relation to the method based on the linear strength characteristic taking into consideration the presence of the residual cohesion.
INTRODUCTION
Mass movements are one of the most important engineering-geological and geotechnical problems in southern Poland. According to estimates by the PIG (Polish Geological Institute), in extreme cases 30 or even 70% of slope areas in the Carpathians is occupied by landslides (Rączkowski 2007) . A signifi cant part of the landslides are the areas that are periodically or permanently active. The Skempton's (1964) research showed that in the case of this type of mass movements the main parameter which controls the stability of slopes is the residual strength. As some authors (Borecka et al. 2006, Borecka and Kaczmarczyk 2008) observed, this issue is underestimated and overlooked in the performed stability analyses, or proposals of determination of the shear strength are too simplistic (Nowakowski et al. 1999) . Existing knowledge of the residual shear strength tests in the Carpathians area is still little, mainly due to the diversity of the geological structure of the region. Therefore, the aim of this study was to determine the strength properties of selected cohesive soils.
CHARACTERISTICS OF THE STUDY AREA
The tested soils came from the area of Gorlice (Low Beskid) and Ciężkowice (Ciężkowickie Foothills). Surroundings Shear strength of clayey soils from the vicinity of Gorlice and Ciężkowice of Gorlice are the region where multiple landslide processes occur, which results from a complex geological structure of the area related to the occurrence of the overthrust zone of the Magura Nappe on the Silesian unit. The soils from the vicinity of Gorlice were clayey deposits located within the Siar zone, which is the marginal zone of the Magura unit (Warchoł 2007 Red clays from the area of Ciężkowice were another tested soil. They were taken from the one of the slopes located on the right side of the river Biała valley, where a layer of menilite shales of the Silesian series occurres according to the Detailed Geological Map of Poland (Cieszkowski et al. 1987) .
All the tested soils were taken from the areas where mass movements occurred in 2010. In most cases, these movements were shallow landslides which arose within the surface layers of the slopes and only the landslide on the slopes of Maślana Góra was a typical structural one. 
METHODOLOGY
The shear strength tests were performed in the direct shear apparatus in a box of dimensions of 60 × 60 mm. The samples were formed at the natural moisture content to a predetermined bulk density (in accordance with the one determined in situ), subjected to a preliminary consolidation using a load in the range of 25-150 kPa and sheared at the speed of 0.1 mm·min -1 to a relative deformation of 20% of the sample. After completion of the shearing, the box of the apparatus was moved back to the starting position and the soil sample was sheared again. Each sample was sheared at least three times in accordance with the recommendations of the PKN-CEN ISO/TS 17892-10, and in the cases of the soils from Ciężkowice, Maślana Góra (Szymbark) and the soil 1 from Owczary part of the samples was cut six times. During the tests, the lower box and a part of the upper one were in the water. The values of strength parameters were calculated using the method of least squares.
The test results analysis took into account the maximum value of the shear resistance obtained at the fi rst shearing of the sample and the residual shear strength, which was interpreted as a shear resistance value obtained at the fi nal shearing. Evaluation of the reduction of the shear strength of the soil was determined using the Haefely's ratio (1965): (1) where: τ r -residual strength; τ p -maximum strength.
TEST RESULTS AND THEIR ANALYSIS
The results of the strength parameters tests were set together in the Table 2 . In general, the values of the angle of internal friction and cohesion calculated at the maximum value of the shear resistance A characteristic phenomenon observed during the fi rst series of shearing of the soil samples was rapid increase in the shear resistance, which occurred in the initial phase of the test, and then systematically decreased until the end of the test. During subsequent series of shearing, recorded values of the shear resistance would increase initially and then stabilize in the fi nal phase of the study; at the following series of tests, the obtained values of shear resistance were getting smaller. The shear strength values obtained after a few series of shearing were clearly smaller than the peak shear strength values. The calculations of the values of the Haefeli's coeffi cients (Table 3) showed that after three series of shearing, the values of the shear resistance were two or even three times smaller, with the greatest reduction achieved for the soil from the slope of Wiatrówka in Szymbark. The obtained changes in the shear resistance were refl ected in the values of the strength parameters. The values of the residual angle of internal friction of the tested soils (Table 2) ranged from 9.0 to 14.9°, and thus were about 1.5-14.6° (10-56%) smaller than peak values of these parameters. In turn, the values of the residual cohesion were equal 5.3-7.6 kPa, and they were twice, or even fi ve times smaller than the peak values of these parameter.
The results of the tests of the soil samples subjected to six series of shearing are interesting. The obtained data (Fig. 1) show that the increase in the number of shearings resulted in the reduction of the angle of internal friction, while in the case of two soils it is visible that after the third shearing, an increase in cohesion occurred, which, according to Borecka et al. (2006) may be the result of reconstruction of a so-called water-colloidal cohesion caused by plasticising the soil due to the supply of the water surrounding the apparatus box to the soil sample. The calculated values of the Haefeli's coeffi cients after six shearings of the samples were about 17% smaller than the values of this parameter obtained after the third shearing. Overall, the obtained results of the tests indicate that the formation of the zone of weakness in the soil due to repeated shearings fi rst of all affects the reduction of the forces of mutual attraction between soil particles which has the effect of lowering the value of cohesion. According to some researchers, as a result of formation of residual strength in soil, the destruction of the forces of mutual attraction occurs, which is equivalent to the assumption that the residual strength is characterized merely by the angle of internal friction. According to Skempton (1964) (2005), which assumes that the residual cohesion is taken as equal to zero, and the angle of internal friction is a value depending on the magnitude of normal stresses:
where: τ -residual shearing strength of the soil; σ -normal stress.
While using the above equation, the obtained values of the residual shear strength of the tested soils were described by the values of the angle of internal friction, which were made dependent on the magnitude of normal stresses (Fig. 2) . The relations obtained indicate that with the increase of normal stress the values of the angle of internal friction are reduced, whereby at the load corresponding to 100 kPa relative stabilization of the value of the angle of internal friction can be noticed. Similar relationships are presented, among others, in the work of and the results of the Carubby and Del Fabro (2014) showed that the residual values of the angle of internal friction were relatively constant already at the stresses of about 50 kPa. The results of the statistical calculations showed that the maximum correlation between the analysed values was obtained using a power function.
Another proposal of a nonlinear description of the residual strength is the equation presented in the work of Mesri and Shahien (2003) : (3) where: φ r 100 -residual angle of internal friction at the normal stress of 100 kPa; 1-m -gradient of the function log [tg (φ r Another way of the non-linear description of the shear strength, simplifi ed in relation to the method described above is the equation of Lade (2010) , which the author intended mainly for the description of the strength of non-cohesive soils: (4) where: p a -atmospheric pressure (acc. to Lade it can be assumed as equal to 100 kPa); a, b -constants of the equation, depending on the soil. Table 4 shows the parameters of the equations (2) and (3) obtained for the tested soils. The calculation results obtained using both methods are conver-gent. Figure 3 shows the comparison of the tests results for some samples described by the Coulomb's linear equation and the proposal of Lade.
To determine the practical significance of the obtained results of the conducted tests, stability analysis for non-saturated and partly saturated slope with a fl at slip surface was performed. Calculations were made for three variants of the soil shear strength: based on the maximum parameters, residual ones obtained directly from the tests (after the third shearing of the samples) and the strength described by the equation (3). It was assumed that slipping surface was 2 m below terrain level and the slope inclination was equal 15°.
The results of stability calculations ( Table 5 ) have shown that the stability coeffi cients determined using the maximum strength parameters are much larger than the values of this parameter obtained from the calculations on the bases of the values of the residual strength. In turn, comparing the results of stability calculations based on the residual parameters obtained directly from the tests and described with the formula (3), it was found that in the case of the non-saturated slope, the stability coefficient values are very similar. However, TABLE 4 . Values of parameters of (3) and (4) equations estimated for the tested soils Origin of soil Parameters of equation (3) Parameters of equation (4) friction and the other physical characteristics and mineral composition of soils (Colotta et al. 1989 , Stark and Eid 1994 , Wesley 2003 . In the analysis, there were taken into consideration the content of the clay fraction, liquid limit, plasticity index and the empirical formula proposed in the works of Colotty et al. (1989) and Dewoolkar and Huziak (2005) . The results of calculations were compared with the values of the angle of internal friction determined directly from the tests (see Table 2 ) and defi ned by the equation proposed by Lade (2010) and recalculated for the stress values of 100 kPa. The results of the analyses (Fig. 4) showed that the residual values of the angle of internal friction of the tested soils are the best correlated with the values of the plasticity index.
CONCLUSIONS
On the basis of the carried out tests and their analysis it was stated that:
Shearing the same soil sample several times contributes to the formation of 1. 
